It has been shown that high performance cavity BPMs are capable of accurate beam trajectory angle and beam 'tilt', (x-z ory-z correlation) measurements [1],[2]. Such a device will he very useful for the optimization of a variety of beamlines, such as high current linacs, bunch rotators and storage rings. The signal from a non-axial trajectory or a tilted beam is in quadrature to that observed from a simple displacement of a very short bunch. Using inphase / quadrature-phase (I/Q) demodulation of the cavity BPM signal, it is possible to separate position and angleitilt. In this paper, we present results of beam angle non-zero, the device can also be used as bunch length monitor. If a displacement 6 can be introduced and, independently, a tilt with projected dipole 8 can also be introduced, then the ratio of the response amplitudes in the I/Q plane gives the bunch length.
INTRODUCTION
The purpose of the monitor and how it will be used in the linear collider is described in 111 and 121. We will to mixer review only the basic signal generation here. kbnsider the system shown schematically in Figure I : a beam of charge Q, composed of 2 macropanicles located at f 9, with a tilt angle 0 (or projected dipole length 6), passes through a cavity BPM with frequency f and angular frequency u=2@ The particles will induce voltage signals:
for the two macroparticles. The sum response is:
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Expression 4) can be thought of as the in-phase to quadrature phase ratio and it clearly shows that, if 6 is Work supparted by US Department of Energy under contract OE-AC03-76SFOOS IS "mcree@slae.stanford.edu To demonstrate the utility of a tilt monitor with resolution adequate for use in the linear collider, we installed a powered RF deflector, high performance analog and digital RF circuitry for the BPM signal processing and a set of BPM cavity movers to precisely null the BPM signal in the ATF. Both the deflection cavity and the BPM use C-band RF [3], with wavelengths of 52.5 and 46.7 mm respectively. When a 3 mA (9x IO9 e-single bunch), intensity beam is extracted from the ATF, the bunch length az = 9 mm [4]. This is.large compared to the nominal LC cr, of 110 um, so we expect the I/Q signals to be easier to observe.
ELECTRONICS -DESIGN
where we have assumed that wuJ&<l. Equations 1 and 2 show that the signal is 90 degrees out of phase with the signal from a rigid offset of the beam and is proportional to the beam tilt angle.
A convenient expression is the ratio of the peak voltage, V,, induced by a rigid offset 0. = S), to the peak voltage, V,, due to a tilted beam (total projected dipole 6).
The BPM signals were mixed down to 20MHz and then recorded and analyzed using digital down conversion. A simplified block diagram is shown in figure 2 . A noise measurement gave approximately 300 microvolts RMS.
Damage of the front end of the system by mis-steered beam is a serious concern for sensitive cavity BPM's. The specified damage level for the pre-amplifiers is 1SdBm. For most of our test the amplifiers had an additional 20dB attenuation on their inputs. No damage was observed to the amplifiers. The maximum levels for large mis-steering were estimated to be 3040dBm. from the axis where the magnetic fields produce a transverse deflection. The cavity was driven by a TWT with output power of -1 KW. The cable to the cavity had an attenuation of 3dB, for a total drive power to the cavity of -5OOW peak. The RF phase was not synchronized with the heam phase. The cavity kick amplitude and trajectory transfer function to the BPM were calibrated using the BPM movers. The RF cavity BPM calibration was done using its x, x ',y, and y ' movers. At a beam current of 5mA in the ring (1.2x101@), the vertical sensitivity was about 30 mvlmicron. A noise of 300 microvolts corresponds to a resolution of about 10 nm.
RF DEFLECTION CAVITY

MEASUREMENTS
In order to demonstrate the effectiveness of the monitor for measuring tilts, we used the unlocked deflection cavity and observed the I/Q response of the cavity BPM. Using 4), we can estimate the hunch length from the ellipticity of the fitted curve in figure 4 . Table 1 shows a comparison between the bunch length estimates from the ellipticity and those presented in [4] . The ATF heam has strong az growth with current because of intra-beam scattering. 
SENSITIVITY TO ANGLED TRAJECTORIES AND TILTED BUNCHES
The ATF bunch is long compared to the cavity wavelength, so the assumption that off464 is not valid at ATF. This effect is included in the results listed in Table 1 . However, for the purpose of illustration, we will use equation 4) to estimate the beam tilt sensitivity. We find that the ratin of the peak voltage, Vy, induced by a rigid offset 0. = 6), to the peak voltage, V,, due to a tilted the sensitivity to a 1 micron displacement is V, then a beam with a total projected dipole length of U.54 = 1.9 um will produce the same signal V in quadrature to the displacement. Initial tests show a strong tilt dependent signal, as would be expected with the long ATF beam. Further tests will use a sequence of monitors in order to determine the monitor resolution. Also, the deflector cavity will be locked to the ATF RF in order to attempt to measure the actual incoming beam tilt. 
